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P-cadherin expression in glandular lesions of the uterine cervix detected by liquid-based
cytology
Objective: To study P-cadherin aberrant expression as a possible marker for cervical adenocarcinomas in
cytological samples.
Methods: We studied P-cadherin immunoexpression in liquid-based cervical cytology samples of biopsy-proven
cervical lesions.
Results: We found a statistically significant correlation between P-cadherin expression and a cytological
diagnosis of malignancy, either glandular or squamous (P < 0.0001). Twenty-two of 33 malignant cases showed
P-cadherin membrane staining. None of the 30 benign cases tested showed membrane staining, but three of them
displayed an aberrant nuclear P-cadherin expression.
Conclusions: We concluded that P-cadherin can be used to discriminate between malignant and benign cervical
cytological specimens, but not to discriminate glandular from squamous lesions.
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Introduction
Cervical adenocarcinoma is increasing in incidence
worldwide, as well as in the relative proportion
between this lesion and squamous cell carcinoma,
particularly among young women.1–4 However, in
contrast to screening for squamous lesions of the
cervix, cervical smears have not been shown to reduce
the incidence of adenocarcinoma.5–8 Difficulties in the
interpretation of cytological findings may be respon-
sible for both overdiagnosis and underdiagnosis of
glandular lesions. For example, the diagnosis of
atypical glandular cells of undetermined significance
(AGUS) is associated with a wide range of significant
pathologies, many of them being considered squa-
mous lesions.9,10 Patients with AGUS are usually
referred for colposcopic examination and other pro-
cedures, such as endometrial aspiration, endocervical
curettage, as well as cervical conization. Based on this
fact, pathologists are required to report not only
whether the smears favour neoplastic changes, but
also the origin of the abnormal cells.11,12
Liquid-based cervical cytology (LBC) does offer
some improvement in the detection rate of glandular
abnormalities; moreover, molecular markers are also
useful in distinguishing cervical adenocarcinoma from
benign mimics.4,13 Immunohistochemical staining of
MIB-1, bcl-2, CEA and p53 have shown potential in
discriminating between cervical glandular abnormal-
ities.14–18 Recently, the use of p16INK4a immunocyto-
chemical reaction has emerged as an adjunct tool to
distinguish cellular alterations that predict high-grade
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lesions,4,13 alone or associated with Ki-67, a cell cycle
marker.14 p16 protein is a cyclin-dependent kinase
inhibitor, the increased levels of which appear to be
related to high-risk HPV infection. Therefore, its
overexpression is believed to address the nature of
lesions of undetermined significance.4,11,13 Nieh
et al.13 studied the p16INK4a expression in cervical
smears with AGUS and found that it was a highly
sensitive and specific marker for neoplasia. Addition-
ally, Akpolat et al.14 have also found an association
between the expression of p16INK4a and Ki-67 to
identify high-grade and malignant lesions.
Recently, P-cadherin expression has been thought
to be a useful tumour prognostic marker in some
situations.18–23 P-cadherin-related tumour progres-
sion was observed in ovarian cancer,19 high-grade
breast carcinoma20,21 and uterine cervix intraepithel-
ial lesions.18,22
P-cadherin belongs to a superfamily of calcium-
dependent cell–cell adhesion glycoproteins expressed
on the cell surface membrane.24 These molecules
are thought to participate in several pathological
conditions, such as cancer, and in some biological
processes, including embryo development.25 Cadhe-
rins have also been implicated in a number of
signalling pathways that regulate cellular activities,
and it seems that the information received from
cell–cell signalling, cell–matrix signalling, and
growth factor signalling determines ultimate cellular
phenotype and behaviour of normal or malignant
cells.24–26
More interestingly, P-cadherin aberrant expression
was reported as a possible marker for glandular
invasive malignancy of the uterine cervix.18 The
authors studied archival paraffin block samples and
showed that P-cadherin, normally confined to basal
epithelial cells and not observed in benign glands,
was aberrantly expressed in 96% (23 of 24 cases) of
invasive adenocarcinomas and in 25% (two of eight
cases) of adenocarcinoma in situ.
Therefore, the use of this molecular marker in the
discrimination between malignant and benign glandu-
lar lesions encouraged us to study P-cadherin expres-
sion in cervical LBC. To achieve this goal, we selected
cytological samples of in situ and invasive biopsy-
proven adenocarcinoma, intraepithelial and invasive
squamous lesions, and negative cases with normal
squamous and glandular cells, in order to determine
whether P-cadherin could be used as an adjunct
tool in assessing glandular atypias. To the best of
our knowledge this is the first report focusing on




Archival cytological samples were retrieved from the
files of the Department of Pathology of the Federal
University of Goia´s, Brazil. The samples had been
previously collected at Arau´jo Jorge Hospital, Goia´s,
Brazil, during the year 2002, and were selected
according to the following criteria: cases with a
biopsy-proven cytological diagnosis of adenocarcino-
ma and related HPV-induced lesions (squamous
intraepithelial lesions, adenosquamous carcinoma);
and cases where normal glandular cells were numer-
ous, with no evidence of uterine disease to use as
control cases. The cytological diagnoses were reported
using the 2001 Bethesda System.27
LBC preparation
The cervical specimens for LBC (DNA-CITOLIQ
System) were collected with a cervical brush and
placed in a tube containing 1 ml of Universal Collec-
tion Medium (UCM) (Digene Co., Gaithersburg, MD,
USA). The DNA-CITOLIQ System consists of an
aluminium instrument, the PREPGENE, which holds
a slide holder (LAMIGENE) and a polycarbonate filter
holder (FILTROGENE), with 25 mm diameter mem-
branes (5 lm pore size). Twelve slides are prepared
simultaneously. Briefly, the tube is vortexed for
15 seconds, individually, at high speed, and 200 ll of
the UCM specimen is put onto the polycarbonate
membrane, spreading the liquid uniformly on the
entire membrane surface. Then, the PREPGENE lid is
locked for 10 seconds. During this step, an imprint of
the cells is carried from the membrane to the glass slide.
Immunocytochemistry protocol
All cases were manually processed according to the
streptavidin–biotin–peroxidase technique and using a
commercial detection system (Ultra Vision Detection
System; Lab Vision Corporation, Fremont, CA, USA),
following the manufacturer’s instructions. Cytological
specimens, previously stained by the Papanicolaou
technique, were hydrated and heat-induced antigen
retrieval was done using EDTA solution, pH 8.0 (Lab
Vision Corporation) in a 98 C water-bath, for
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20 minutes. After cooling at room temperature for
20 minutes, endogenous peroxidase activity was
blocked by treating the slides with 3% peroxide/
methanol solution for 10 minutes. Non-specific
staining was eliminated by incubation with normal
serum (UltraVison Block; Lab Vision Corporation)
for 20 minutes. The primary monoclonal antibody to
the extracellular domain of P-cadherin (clone 56;
BD- Transduction Laboratories, Lexington, KY,
USA), diluted 1:50, was applied to the slides and
incubated overnight at room temperature in a
humid chamber. After washing with PBS-Tween,
the slides were incubated with a biotin-labelled
secondary antibody followed by streptavidin–biotin–
complex also from Lab Vision. The samples were
then stained with a solution of 3,3-diaminobenzi-
dine tetrahydrochloride (DAB) (Lab Vision Corpora-
tion), counterstained with Mayer’s haematoxylin
(Merck, Darmstadt, Germany), dehydrated and
mounted.
Formalin-fixed, paraffin-embedded positive and
negative controls were included in each run. Normal
human skin tissue samples were used as positive
control for P-cadherin expression (continuous
membrane staining of the proliferative/basal cell
layer).
P-cadherin immunocytochemical evaluation
The expression of P-cadherin was evaluated by light
microscopy as positive or negative, giving particular
attention to the cellular localization of the positive
reaction. Positive immunocytochemical reaction
was defined as a well-decorated, brownish mem-
brane staining, with a faint residual cytoplasmic
staining.
Predictive value of P-cadherin expression
The predictive negative and positive values of
P-cadherin positive reaction was calculated using the
following formulas: NPV ¼ True negative (TN)/TN +
false negative · 100% and PPV ¼ true positive
(TP) ¼ TP + false positive · 100%, or 22/22 ¼ 100%.
HPV status
The HPV status of the cases had been previously
evaluated using the Hybrid Capture II and PCR
methodology. The results were correlated with
P-cadherin immunoreaction.
Results
LBC slides of 33 biopsy-proven cases were selected for
P-cadherin immunocytochemical reactions. The pos-
itive immunoreactions were clearly demonstrated in
clusters of squamous and/or glandular atypical cells
(Figure 1). The overall distribution of P-cadherin
reactions in positive cytology is depicted in Table 1.
The cases were classified as follows: one low-grade
squamous intraepithelial lesion (LSIL), one atypical
squamous lesion (ASC-H), seven high-grade squa-
mous intraepithelial lesions (HSIL), two adenosqua-
mous carcinoma, five squamous cell carcinomas
(SCC), 13 adenocarcinomas in situ and four invasive
adenocarcinomas. P-cadherin expression was
observed in 22 of the 33 (66.6%) analysed cases:
nine squamous and 11 glandular lesions (Figure 1).
Eleven cases (five squamous and six glandular lesions)
did not show P-cadherin expression. The two cases of
adenosquamous carcinoma were both positive for
P-cadherin. Normal squamous and metaplastic cells
were not stained by P-cadherin.
Thirty negative cases for malignancies and/or intra-
epithelial lesions were retrieved from the pathology
files. All of them were negative for P-cadherin
membrane staining; however three of 30 cases
(10%) showed a nuclear pattern of expression, and
were considered as negative cases.
The correlation between P-cadherin expression and
the diagnosis of a malignant lesion was statistically
significant (Fisher’s exact test: P < 0.0001) (Table 2).
Figure 1. P-cadherin expression in a cervical adenocarcin-
oma cytological specimen. Note the intense membrane
staining in the neoplastic cells (streptavidin–biotin–peroxi-
dase, ·400).
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The expression of P-cadherin was observed only in the
specimens with a previous cytological diagnosis of
malignant glandular or squamous lesion, while all the
cases previously diagnosed as benign did not express
P-cadherin. The predictive negative and positive
values of P-cadherin expression to detect malignancy
were 73% (30/30 + 11 · 100%) and 100% (22/22 +
0 · 100%).
From the 33 cases with HPV-related lesions, 31
(94.0%) tested positive for oncogenic HPV with
Hybrid Capture II methodology. The HPV status of
the 30 negative control-cases tested with PCR meth-
odology found four cases (13.3%) were positive for
oncogenic HPV (two HPV-16, one HPV-18 and one
HPV-53). Table 3 summarizes these findings and also
includes the correlation with P-cadherin expression.
Discussion
The diagnosis of adenocarcinoma in cytological mater-
ial has become more common, mainly due to the
increasing incidence of the disease, better endocervi-
cal sampling devices being used, and the morpholo-
gical criteria for this diagnosis have been defined
better and refined.5 However, there is still a significant
variability in the interpretation of glandular lesions in
cytology specimens. The use of additional HPV testing
in atypias of glandular origin is particularly suggested
for these cases.11,28 Efforts to improve the recognition
of adenocarcinoma, primarily adenocarcinoma in situ,
are a necessary caveat strategy to avoid incorrect
categorization of such lesions in cervical smear
examination.29,30
Recently, new parameters to evaluate cervical
lesions have been studied.31–34 Accordingly, the pre-
servative media of LBC systems are promising tools
where immunocytochemical panels might be per-
formed in order to optimize the cytological analysis. In
particular p16 is presumed to be a specific biomarker
for high-risk HVP in women with cervical genital
malignant and premalignant squamous lesions and is
overexpressed in cervical adenocarcinoma (both
in situ and invasive).31 Additionally, Ki-67 expression
Table 1. Distribution of P-cadherin expression and the
positive cytological diagnoses





5 Negative Adenocarcinoma in situ
6 Negative Invasive adenocarcinoma
7 Negative Invasive adenocarcinoma
8 Negative Adenocarcinoma in situ
9 Negative HSIL
10 Negative Adenocarcinoma in situ
11 Negative Adenocarcinoma in situ
12 Positive HSIL
13 Positive Adenocarcinoma in situ
14 Positive HSIL
15 Positive Adenocarcinoma in situ
16 Positive Invasive adenocarcinoma
17 Positive Adenosquamous carcinoma






24 Positive Adenocarcinoma in situ
25 Positive Invasive adenocarcinoma
26 Positive SCC
27 Positive Adenocarcinoma in situ
28 Positive Adenocarcinoma in situ
29 Positive Adenocarcinoma in situ
30 Positive SCC
31 Positive Adenocarcinoma in situ
32 Positive Adenosquamous carcinoma
33 Positive Adenocarcinoma in situ
LSIL, low-grade squamous intraepithelial lesion; HSIL, high-
grade squamous intraepithelial lesion; SCC, squamous cells
carcinoma; ASC-H, atypical squamous lesion favouring high-
grade lesion.
Table 2. Correlation between P-cadherin (P-cad) expression
and the samples cytological diagnoses
Benign Malignant Total
P-cad negative 30 (100%) 11 (33.33%) 41
P-cad positive 0 (0.0%) 22 (66.67%) 22
Total 30 (100%) 33 (100%) 63
Fisher’s exact test: P < 0.0001.
Table 3. Correlation between P-cadherin (P-cad) expression
and HPV status correlated with cytological diagnoses
HPV negative HPV positive
Negative cytology (n ¼ 30)
P-cad negative 26 (86.7%) 4 (13.3%)
P-cad positive 0 0
Positive cytology (n ¼ 33)
P-cad negative 0 11 (33.4%)
P-cad positive 2 (6.0%) 20 (60.6%)
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in intraepithelial lesions is a strong predictor of
progression and seems to increase progressively in
parallel with increasing aggressiveness of the
lesions32; besides that, it also appears correlated with
p16 expression.33 Concomitant p53 and p16 overex-
pression in patients with high-risk HPV infection is
strongly associated with adenocarcinoma status.34
The premise of our study was to evaluate
P-cadherin expression in LBC specimens, essentially
to investigate the value of this molecular marker in
cytological examination of cervical samples.
Aberrant P-cadherin is associated with a prolifera-
tive phenotype related to ulceration and neoplastic
transformation, which may confer a survival advant-
age to these cells; but the relative functional role of
P-cadherin and the molecular mechanisms underlying
P-cadherin/catenin interactions have yet to be eluci-
dated.35 As P-cadherin is known to be expressed in
various tissues during embryogenesis, and also in the
proliferative cells of normal epithelia, the expression
of P-cadherin in carcinomas may be an oncofoetal
phenomenon and/or may reflect its marked prolifer-
ative potential.36
The regulation of cadherin expression was previ-
ously reported in squamous intraepithelial lesions
suggesting that the progression of such lesions was
characterized by the gradual suppression of E-cadh-
erin expression while P-cadherin became predomin-
ant.22 Subsequently, P-cadherin evaluation was
suggested for endocervical lesions as a potential
marker of malignancy.18
We found a statistically significant correlation
between P-cadherin expression and a previous cyto-
logical diagnosis of malignancy, either glandular or
squamous, including intraepithelial squamous lesions.
On the other hand, we observed an inverse correla-
tion between the expression of this molecular marker
and the benign samples (classified as negative for
intraepithelial lesion or other malignancies by the
2001 Bethesda System27). P-cadherin can be used to
discriminate between malignant and benign cervical
cytological specimens, with predictive positive and
negative values of 100% and 73%, respectively.
However, P-cadherin positivity does not allow dis-
crimination between glandular and squamous lesions.
Likewise, negative status for oncogenic HPV infec-
tion strongly correlated with negative cytology and
negative P-cadherin immunoreactivity (86.7%). Con-
versely, positive HPV status correlated with positive
cytology and positive P-cadherin immunoreactivity
in 60.6%.
We also found an unusual P-cadherin nuclear
expression in normal endocervical cells in three of
the 30 negative samples. This staining pattern has
never been described for P-cadherin, in either benign
cells or malignant lesions. Whether this staining
pattern represents a real nuclear localization of
P-cadherin or a cross-reaction with other nuclear
factors, remains to be clarified. E-cadherin nuclear
expression was observed by Han et al.37 in Merckel cell
carcinomas; however, these authors, did not elucidate
this unexpected finding also.
In conclusion, the improved morphological details
of cervical glandular lesions provided by LBC, associ-
ated with an immunocytochemical search for the
expression of molecular markers, such as P-cadherin,
p16, p53 and Ki-67, could minimize the difficulties in
interpretation of glandular and squamous lesions of
undetermined significance.
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